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of  any  of  fh*  fungi  tested;  Ivjweuer,  tillage  and  sample  dote  were  frequent  and 
significant  influences.  Populations  of  Rhizoctonia  spp.,  Pythlum  spp.,  and 
fungi  from  four  other  commonly  isoJated  genera  were  often  higher  in  no>fill 
plots  than  in  plots  tilled  to  15  cm.  Population  densities  of  soloni  AG  4 ond 
Trichodermc  spp.  were  slgnifictonjy  influertced  by  sample  dote,  but  not  by 
lilloge.  Populations  of  R.  solml  AG  4 increased  after  either  of  the  crops  wos 
piryited  in  the  field,  and  decreosed  os  these  crops  matured. 

Soil  water  potential  was  o significont  influence  art  the  survivol  and 
saprophytic  octivitles  of  R.  soloni  AC  4 In  natural  soil  under  laborotory 
conditions.  In  general,  both  of  these  oetivilies  were  greatest  in  soils  held  at 
moderate  water  potentials  (-2  to  -IS  bars). 

Rhizoctonia  soloni  AG  4 was  not  recovered  from  rtoncultivoted 
Arrendondo  fine  sond  in  the  vicinity  of  the  experimental  field  but  was 
frequently  Isoloted  from  the  same  soil  in  which  suscepts  of  the  pathogen  were 
plorted  In  this  soil  fype,  R,  soloni  AG  4 Is  apparently  restricted  to  areas  in 
which  the  fungus  moy  furtction  as  a parasite. 


5ECTIW  I 


IMTROOUCTION 

Rhizoctonig  solqni  Kuhn  is  g plant  poThogan  capable  of  causing  diverse 
sympfofns  on  mony*  hosts  (5).  This  taxonomic  species  may  be  divided  into 
severol  biologicoi  species  or  anastomosis  groups  (AGs)  (46,  56,  77).  Isolotes 
within  CTI  AG  onosfomoso  with  other  isolates  from  the  some  AG  but  not  with 
other  isolates  from  different  AGs.  A tolol  of  five  AGs  of  R.  soloni  are  found  In 
the  United  States  (26,  38,  46)i  two  additioool  AGs  are  reported  from  Jopon  (34). 

Isolates  of  AC  4 ore  common  hypocotyl  and  seed  pathogens  of  agronomic 
crops  (4).  They  are  destructive  parasites  of  soybean  cousing  seedling  domping- 
off  ond  hypocotyl  rot  (63).  They  have  been  reported  infrequently  os  pothogens 
of  monoeots.  In  studies  conducted  on  woter  agor,  Murray  (39)  reported  that  on 
AC  4 isoiote  wos  eopable  of  porasitizing  barley  seedlings.  In  field  ond 
greenhouse  studies,  Sterne  ond  Jones  (66)  identified  AC  4 pathogens  of  wheat 
coming  sharp  eyespot  ond  Sumner  and  Bell  (68)  identified  AG  4 isolotes  in 
Georgio  as  hypocotyl  pathogens  of  com.  Rye  has  not  been  reported  os  o host 
for  isolotes  from  this  AC. 

Pormeter  (47)  listed  choroeters  of  R.  soloni  distinguishing  this  fungus 
from  other  nonworulating  fungi.  Among  these  criterio  were  possession  of 
multinucleote  vegetative  cells,  and,  when  formed,  o teleomorphic  stoge  of 
is  (Fronir)  Donk  (71).  Fungi  closely  resembling  ond 
5S  mistaken  for  soloni  hove  been  described  (48).  By  grouping 


isolotes  on  ttie  l»sis  of  hyphal  orosfornosis,  Burpee  et  ol.  (15)  and  OgosW  ef  ol. 
(42.  43)  recently  choroeferiied  fungi  similor  to  R.  eoloni  but  ooesessing 
binueleote  vogetotive  cells  ond  producing  c teleomorphie  stoge  of 

SInucleote  isolates  of  Rhizoctonlo  spp.  hove  been  reported  os  pla^t 
pathogens  (l£.  34,  43,  78).  Recently,  Burpee  et  ol.  (14)  demonstrated  the 
pothogenieity  of  isolates  Anastomosis  Group  3 (CAG  3)  ond  CAG  4 of 
Cerotobcsldium  «ip.  on  several  different  hosts.  They  concluded  that  these 


fieigl  were  potentially  important  soilbome  pathogens.  Still,  little  is  known  of 
the  role  or  prevalence  of 'binueleote  species  of  Rhizoctonlo  In  agronomic 
cropping  systems. 

Crapping  systems  utilizing  reducec^tiiloge  are  gaining  acceptance  omong 
formers  in  the  United  States  and  elsewhere  (49,  69).  Reduced-tilloge  includes 
minimum-tillage  and  no-tilloge  which  may  be  defined,  respectively,  as  tilloge 
essentiol  and  timely  for  producing  the  crop  ond  as  the  pionting  of  o crop  In 
previously  unprepared  soil  by  opening  the  soil  only  enough  for  proper  seed 
coveroge  (62).  In  1982,  reduced-tilloge  systems  were  used  on  32%  or  95  million 
acres  of  this  country's  cropland,  ond  o total  of  155  million  acres  of  land 
manoged  with  reduced-tilloge  is  predicted  by  the  year  2000  (55). 

In  the  United  Stoles,  reduced-tillage  systems  commonly  are 
multicropped.  Multicropping  is  defined  os  horvesting  more  thon  one  crop  per 
yeor  from  the  some  plot  of  land  (62).  Crop  morogement  systems  combining 
reduced-tilloge  and  molticropping  are  possible  only  In  regions  with  o long 
growing  seoson  and  odeguofe  water  supply.  In  such  oreos  these  combinations 
provide  efficient  weys  to  use  lend,  equipment,  and  labor.  When  compored  to 
eanventlorxtl  tillage,  reduced-tillage  results  in  on  increase  in  soil  retention  of 


woter,  plant  nutrients  ond  orgonie  motter.  Also,  soil  erosion  due  to  wind  or 
water  is  decreased  by  reduced-tillage  monagement  W?,  79). 

Because  many  of  these  crop  mortogement  systems  have  been  proposed 
only  recently,  much  research  remains  to  be  done  on  the  leosibillty  of  using 
these  systems  in  o given  region.  One  of  the  factors  determining  the  feasibility 
of  any  cropping  system  is  its  performonce  with  regard  to  plont  pests.  Plant 
pothologists  have  demonstrated  that  certain  plant  pathogens  survive  in  crop 
residuesdl,  13).  Due  to  the  increased  crop  debris  found  in  soil  mcraged  under 
reduced-tillage,  It  mi^t  then  bo  expected  that  these  cropping  systems  will 
foster  and  possibly  succumb  to  certain  pathogens.  This  scenario  has  been 
suggested  (69),  and  documented  for  eertoln  pot hosystems  but  not  for  others  ( 1 2, 
17,  69).  If  experience  with  pothosystems  In  different  environments  has 
demonstroted  anything,  however,  it  is  that  it  is  difficult  to  predict  which 
pathogens  moy  become  o problem  in  a given  cropping  situotion  on  the  bosis  of 
one's  intuition  or  post  experience  in  reloted  situations  16).  Additionol  research 


During  the  post  dO  years,  eeologieol  studies  of  R.  soloni  hove  increosed 
the  understonding  of  the  occurrence  of  this  fungus  in  ogronomlc  soils.  Among 
the  factors  influencing  its  pothogenicity  ere  temperoture,  presence  of 
ontogonistic  fungi,  and  age,  nutrition,  size,  ond  densities  of  inoculum  in  soil  (7, 
8,  18,  27,  29,  35,  UO),  Focfors  affecting  the  survival  and  sopn^ytic  activity  of 
hove  also  been  Investlgoted;  they  include  temperoture,  woter 
, ond  nutrition  of  the  fungus  (18,  20.  44),  The  importance  of  soil 
en  the  loter  octivltles  hos  long  been  loiown  (iO,  23,  45).  In  much  of 


potential. 


tSe  work,  however,  arnbi^us  terms  such  os  percent  moisture  hoiding  eooodfy 
(kS)  or  percent  soturotion  (10)  have  been  used  to  quantify  the  soil  water  status. 
In  general,  only  in  recent  works  hove  biologically  meaningful  terms  for  soil 
woter  status  been  used  (5,  21,  iT\  Terms  such  os  water  potential  (f)  or  wafer 
activity  (owvrelative  humidity)  err  be  related  to  the  ovallability  of  water  for 
microbes  (I,  25). 

RhlzocfoniasolorM  appears  to  survive  best  in  dry  soil.  Benson  ond  Boker 
(8)  investigated  the  survival  of  R,  soloni  AG  4 in  soil  incubated  at  water 
potentials  of  -0.7,  -18.  or  -540  bars.  At  -0.7  or  -18  bars,  propogule  densities 
increased  2-8  days  after  infestofion,  ond  then  quickly  decreosed  to  a level 
maintained  for  the  duration  of  the  experiment  (24  doys).  Propogule  densities 
remained  relatively  constant  at  -540  bars  for  the  entire  experiment.  Dube  (20) 
studied  the  survival  of  R.  sclani  (probably  AC  2)  on  agar  culture  medium  ond  in 
soil  odjusted  to  various  woter  potentials.  In  some  of  these  experiments, 
maximum  survival  of  dormant  hyphoe  In  soil  was  recorded  after  5 wk  incubation 
at  -?40  bars;  lower  survival  rates  were  recorded  when  hyphoe  were  Incubated  in 
moister  soils  (-5<  and  -520  bars). 

The  growth  of  R.  solgii  has  also  been  studied  under  constant  water 
potentials.  Sterne  and  McCorver  (57)  demonstrated  reduced  redial  growth  in 
culture  at  -21.2  bars  ond  no  growth  at  -55.2  bars  (AG  not  specified)!  their 
results  agree  with  ether  work  conducted  on  culture  media  by  Dubi  et  al.  (21. 
AG  2 and  AC  4)  and  Schneider  (59,  AG  not  specified),  and  in  sail  by  Benson  and 
Baker  (8,  AG  4).  Also,  in  (Jube's  (20)  work,  colonisation  of  wheat  strow  by  R. 
solom  (probably  AC  2)  In  soil  occurred  at  -4, 1 bars  hut  not  ot  water  potentials 
of  <-9.1  bars. 


SECTION  II 


CHARACTRIZATION  AND  PATHOGENICITY  OF  SPECIES  OF  RHIZOCTONIA 
FROM  A REDUCED-TILLAGE  EXPERIMENT  MULTICROPPED  TO  RYE  AND 
SOYBEANS  IN  FLORIDA 


Reports  Itave  tieen  mode  of  AGs  of  R.  soloni  oecorrino  In  a given  field  (4, 
28)t  however.  I know  of  no  work  choracrerizlrtg  both  the  moltinvcleote  tmd 
hlnudeote  constituents  of  o populotion  of  Rhizoetonia  sop.  In  a field.  An 
objective  of  this  stud)'  was  to  Identify  end  chorocterize  species  of  Rhlzoctonic 
found  in  a rye  (Secole  cereole  L.)  - soybean  (Glycine  mox  (L.)  Merr.), 
multieropping,  reduced-tillage  eiperiment  in  Florido.  Kunlnago  et  ol.  (33)  hove 
reported  the  occurrence  of  AGs  of  soloni  from  noncultivoted  soils  ofJopon. 
Although  AG  I,  AG  2-1,  AG  2-2.  AG  5,  AG  6,  end  AC  Bl  were  detected  in  this 
study,  AG  4 was  not  found  in  these  soils.  In  the  present  study,  eultivofed  ond 
noncultivoted  soils  in  the  vicinity  of  the  experientol  field  were  ossoyed  for  the 
presence  of  multlnucleote  end  blnucleote  species  of  Rhizocotonig.  A final 
objective  of  this  study  was  to  determine  the  pathogenicity  of  species  of 
Rhlzoctonio  recovered  from  the  field  to  rye  ond  soybeans.  Portions  of  this 
work  hos  been  published  previously  (50,  53X 

Moteriol  jid  Methods 

Soil  ond  plant  samples  described  in  this  paper  were  obtained  from  on 

experimental  field  In  Gainesville,  FI,  in  which 'Wrens  Arbuzzi' rye  wos  plonted 


In  corly  November  and  harvested  in  late  April  and  Brag^  soybeon  was  planted 
In  early  May  end  horvested  in  October.  The  soil  was  Arredondo  fine  sond. 

tsoloTions.  Isolations  of  soecies  of  Rhlzoctonio  from  soil  were  made  on  Two 
selective  medio.  Kg's  (31)  medium  amended  with  0.5  ppm  benomyl  (24)  was 
used  during  Initiot  portions  of  this  study  while  Powers'  (48)  medium  was  used 
thereafter.  In  comparative  tests  both  medio  were  rated  effective  in  the 
selective  recovery  of  Rhizoctonio  spp.  from  soil  (doto  not  shown).  Either 
medium  wos  dispensed  at  approsimately  12  ml  per  S-cm  Petri  plote.  In  plates 
of  medio  to  be  used  for  soil  ossoys,  10  evenly  spoced  wells  (t  cm  in  diameter) 
were  mode  with  o circular  l*cm  die  ottoched  to  c vacuum  pump  (Fig.  I). 

Fifteen-gram  subsomples  were  <*toined  from  the  field  with  o 2.5-cm  soil 
care  sampler;  35  to  45  subsamples  were  token  from  each  experimenfol  plot  end 
bulked  for  one  combined  sample.  Eoch  somple  wos  assayed  for  the  presence  of 
species  of  Rhlzoctonio  within  18  hrs  of  recovery  from  the  field.  For  each 
sample,  125  ml  of  dilute  ogor  (0.25*  Difeo  woter  ogar)  were  mixed  with  the 
equivalent  of  300  g of  oven-dried  soil  in  o Woring  bierrder  at  low  speed  for  15 
sec;  I ml  of  the  resulting  suspension  contained  l.CkO.1  g of  soil.  One  ml  of  a 
suspension  wos  pipetted  into  eoch  of  10  plates  of  medium  (0.1  ml  per  well) 
before  incubation  without  light  o1  25®C.  After  34-48  hr  and  72  hr,  plates  were 
observed  for  fungal  growth  charactorlstic  of  species  of  Rhizoctonlo. 
Identification  of  isolates  as  species  of  Rhlzoctonio  was  confirmed  by 
exemirsotion  at  lOOX  for  the  following  chorocteristics;  constriction  of  hyphoe 
at  bronch  points,  occurrerree  of  o septum  In  the  brcrtch  near  the  point  of  origin, 
prominent  septol  pore  apparatus,  ond  obsence  of  clomp  connections.  Hyphol 
lips  of  the  isolates  to  be  further  charocterized  were  transferred  to  Difeo 


potato  dextrose  dgar  (PDA). 


selective  recovery  of  RMzoctorio 


Flow«rs'  (68)  medium  or  1.5%  water  ogor  amended  with  50  ppm 
streptomycin  sulfate  were  used  for  isolotion  of  Rhizoctonia  spp.  from  rye  or 
soybeon  tissue  (seedling  roots  end  stems)  recovered  From  the  field.  Tissue  was 
surfoce.Klisjnfested  with  0.25%  NaOCi  for  30  sec  to  2 min  (depending  on  size  of 
tissue),  rinsed  with  sterile,  deionized  water,  and  blotted  dry  with  sterile  poper 
towels  before  being  placed  on  either  medium  and  incuboted  ot  25®C  without 
light.  Tissue  plated  on  woter  ogor  plus  streptomycin  wos  observed  ofter  IS-24 
hr  incubation  for  growth  of  Rhizoctonio  sec,  while  fissue  plated  on  Flowers’  (68) 
medium  wos  observed  after  2th46  hr. 

A wet-sieving  technique  end  o sieving-flootcrion  technique  (74)  were  used 
to  isolate  Rhizoctonio  spp.  from  plant  debris  In  soil  taken  frvn  the  fields  50  g 
samples  of  soil  passed  through  o 2-mm  sieve  were  used  for  eoch  procedure.  For 
wet  sieving,  soil  was  placed  on  an  BSChyi  sieve  nested  over  o 500-u  sieve  ond 
gently  woshed  urtder  running  fop  water.  Debris  remoining  on  each  sieve  wos 
dispersed  individually  onto  woter  ogor  plus  streptomycin  In  Petri  plofes. 
Sediment  ond  drtris  separoted  by  flootction  from  soil  with  the  lotter  technioue 
were  recovered  on  fitter  paper  by  suction  ond  removed  by  scropirtg  with  o 
spotulo  before  plocement  on  woter  ogor  plus  streptomycin.  Plates  were 
incubated  at  25®C  without  light  ond  after  12-18  hr  were  observed  for  growth  of 

Chorocterizotlon  ot  isolotei.  Isolates  identified  os  species  of  Rhizoctonio  were 
grown  on  PDA  In  5-om  Petri  plates  ot  25®C  without  light.  A total  of  26? 
isolotes  from  soil,  1 1 from  soybean  hypoeotyl  tissue,  34  from  rye  coieoptile  or 
stem  tissue  ond  eight  from  plonf  debris  were  enomlned  (Table  2X  Soil  isolotes 
were  recovered  between  September  ond  December,  l?8l  ond  soil  debris  isolotes 


were  recovered  irr  Octobe 
recovered  from  seedlings 
Isolates  were  clossified  o 


. Isolotes  from  soybeon  and  rye  were 
I.  After  3,  5,  ortd  1 1 days  of  growth, 
s of  oulturol  charocterisfics  (Toble  I). 


Chorocteristics  used  for  seporofion  of  isolotes  Included  piynentotlon,  density, 
and  tosture  of  mycelium;  presence  or  Absence  of  sclerotio;  hyphal  dlometer; 
retd  rodiol  growth  rote. 

At  least  three  and  os  mony  os  dk  isolotes  from  each  oulturol  type 
described  in  Toble  I were  examined  to  determine  the  number  of  nuclei  found  in 
vegetative  cells.  Isolates  were  stained  with  o Giemso-HCI  procedure  (76)  or 
grovm  for  2 to  4 doys  on  ICN  ogor  (ICN  Nutrltlonol  Biochemicois,  Cleveland, 
OM  44I2B)  ond  then  stained  with  O.S»  aniline  blue  in  loctophenol  (14)  or  in 
glycerine  (72).  Exominolion  of  some  isolotes  wos  repeated  with  0.5%  aniline 
blue  In  loctophenol, 

The  AG  to  which  isolotes  in  the  different  morphologiool  types  belonged 
was  Identified  after  anostomosls  studies  with  tester  isolotes.  All  poirings  were 
mode  with  0.5-cm  plugs  of  mycelium  taken  from  octively  growing  PDA 
cultures;  isolotes  were  opposed  on  slides  covered  with  thin  layers  of  2.0%  vmter 
agar.  Slides  were  supported  on  gloss  rods  over  moist  poper  towels  in  IS-cm 
Petri  plotes,  ond  incubated  without  light  at  25°C.  Regions  of  contoct  between 

opposing  Isolates  were  viewed  ot  100  or  400X  for  hyphol  onostomosls  (Fig.  2). 

Preliminory  studies  (50)  identified  offinities  of  Isolates  from  two  of  the 
seven  oulturol  types  with  previously  described  rxiostomosis  groups  (15  46). 
Isolates  from  type  A anostonvosed  with  R.  soloni  AC  4 tester  isolates  (Isolates 
658  ond  770,  Department  of  Plant  Industry,  Gainesville,  FI,  and  isolate  AC  4, 
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Fig.  2 Phase-cortrost  ptiolomlerograph  of  region  of  contoct  between  two 
opposing  isolates  of  Rbizoctonia  soloni  AG  4 showing  esfensive  hfphol 
orostomosis.  Note  the  killing  reaction  in  cells  on  either  side  of  contoct  points. 


Deportment  of  Plant  Pothology,  Urviv.  Flprido,  Gainesville)  ond  type  B isolates 
anastomosed  with  o CAG  4 tester  isolofe  (Bjrpee's  8n38  0 5)).  In  later  studies 
type  C isolotes  onostomosed,  although  infrequently,  with  a CAG  3 tester  isolate 
(Burpee's  Bn3l  05)).  Cultural  type  G was  identified  os  R.  zeae  and  was  not 
Included  in  onastorrtosis  studies. 

in  the  present  study,  a total  of  160  isolates  from  culturol  types  A through 
F vrere  paired  with  tester  isolates  from  the  experimentol  field.  Tester  Isolates 
for  cultural  types  A,  B,  ond  C onostomosed  with  tester  isolotes  used  In 
prelimlnory  studies.  In  preliminory  studies  fester  isolates  used  for  cultural 
types  D,  E,  and  F onostomosed  with  Isolates  within  the  some  cultural  type,  but 
not  with  ony  tester  Isolate  obtained  from  Burpee  CBnKCAG  I),  Bn4(CAC  2), 
6n3l(CAG  3),  8n38  <CAG  A),  end  Bn37  (CAG  5)  (15))  or  OgoshI  (AH-KAC-A),  C- 
4a4(AC.SQ),  C-aWAG-Bb),  P(XR-2(AG-B),  STC-5(AG-C),  C-«(AC4D),  OC- 
KAG.E),  SIR-KAC-F),  CYI-I(AG-G),  STC- 1 M AG-H).  and  AV-2(AG-J)  (43)).  An 
odditionol  tester  isolate  (FTCC  585  (CAG  7)  (15))  from  the  Deportment  of  Plant 
Industry,  Goinesville,  FI,  did  not  fuse  with  tester  isolotes  from  the  field.  Also, 
18  Isolotes  from  cultural  type  C were  paired  with  the  Bn3l  tester  Isolate  used  In 
preliminary  studies. 

A 50ll.over-pjlture  technique  (73)  wos  used  to  induce  formation  of  bosidio 
in  Isolates  from  the  fieldt  six  isolates  of  R.  soloni  AG  4,  throe  isolates  of  CAG 
3.  and  one  isolate  of  CAG  4 were  tested.  Isolates  were  grown  in  Petri  plates  on 
PDA  emended  with  0.4%  yeost-extrcct  for  3 days  or  until  colony  margins 
reoched  the  edge  of  the  plate.  Colonies  wore  then  covered  with  oven-dried  soil 
ond  moistened  as  necessary  (73).  Three  soils  were  used:  Arredondo  fine  send 
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from  Florida  of  pH  6.0,  Maury  silty  loom  from  Kentucky  of  pH  6.7,  and  OotHom 
loamy  send  from  Georgia  of  pH  6.0.  In  some  experiments,  soils  were  odjusted 
to  pH  8.0  with  IM  KOH.  All  soils  were  passed  through  a 2-mm  sieve  before 
use,  Colonies  covered  with  soil  were  then  incubated  under  one  of  three  light 
regimes:  rraturol  light  (intertsities  to  approximately  400  lux),  fluorescent  li^t 
(intensifies  to  ocproxlmately  10  lux),  and  without  light.  Temperatures  ranged 
from  21  to  27®C  in  the  former  two  treatments  and  was  held  constant  of  2S®C  in 
the  later  treotrrtent.  Each  treatment  had  two  replicates  and  erqseriments 
conducted  with  Arredondo  fine  send  were  repeated.  Cultures  were  observed  for 
hymenla  after  3,  8,  and  20  doys  of  incubation. 

Two  additional  methods  were  tested  for  induction  of  bosidlo.  Twenty-five 
isolates  of  ^ soloni  AG  4 were  tested  usirtg  o technique  devised  by  Adorns  ond 
Sutler  (3).  Some  of  these  Isolates  were  also  grown  on  I.S%  water  agar  for  3 
doys.  These  cultures  were  incubated  together  in  air-flow  chambers  under 
fluorescent  light  ot  21  to  27®C.  Moximum  air-flow-rotes  of  opproximotely  (X4 
l/min  were  used  for  these  studies. 

Pothoqenicity  studies.  Isolates  of  Rhicoctonia  spp.  recovered  from  soil,  rye,  or 
soybeans  in  the  field  were  chorocterized  os  above.  All  Isolotes  used 
onostomosed  with  fester  isolates  from  the  field.  Isolates  were  grown  on 
soybeon  stem  tissue  previously  ground  in  o Wiley  mill  to  pieces  less  than  3 mm 
In  dlomeler.  Five  groms  of  tissue  and  10  ml  of  deionized  water  were  odded  to  a 
2S0-ml  Erlenmeyer  flask  arxl  outoclcved  for  I hr  on  eoch  of  two  cortsecutive 
doys.  Tissue  in  each  flask  wos  then  seeded  with  a O.S-cm  plug  of  o 5-to  7-doy- 
old  PDA  culture  of  eoch  of  the  isolates  tested,  and  incubated  for  4 wks  at  2S®C 
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wifhairt  li^t.  Soil  was  retrieved  from  the  surface  10  cm  of  buffer  plots  ia  tbe 
field  end  passed  through  a ^mra  screen  before  use  in  pathogenicity 

Three  pathogenicity  experiments  were  conducted  with  *Brogg'  soybean. 
For  the  first  two  experimentSf  Inoculum  for  each  isolate  wos  recovered  from  o 
flask  and  mixed  with  sterile,  deionized  water  in  a Waring  blender  to  yield  on 
inoculum  suspension.  Blendirtg  fragmented  mots  of  Inoculum  into  small  pieces 
(0.5  to  S.0  mm  in  diameter)  that  were  eosily  mixed  with  treatment  soils. 
Inoculum  suspensions  were  added  to  autoclaved  field  soil  (autoclaved  for  I hr  on 
each  of  two  consecutive  days)  and  blended  for  S min  in  a Hobart  mixer  at  low 
speed.  Inoculum  of  certain  isolotes  wos  also  added  to  nonoutocloved  soil  and  to 
autocloved  soil  left  to  exposed  to  the  olr  In  o greenhouse  for  aoproximotely  I 
month  (cured  soil).  Trlchodermo  horzienum  Rlfol  oggr.,  T.  hamotum  (Bon.) 
Bain,  oggr.,  Penicillium  cltrlnum  Thom,  ond  Aspergillus  ochroceus  Wilhelm 
were  the  predominant  fungi  recovered  from  cured  soil. 

Durirtg  the  first  experiment,  5 g of  irxsculum  were  mixed  with  1 kg  of 
each  soil.  The  infested  soil  was  then  assayed  immediately  with  Flowers'  (68) 
medium  for  determination  of  inoculum  dertsitfes.  On  the  bases  of  these 
determinations,  infested  soil  was  mixed  with  noninfested  soil  to  give  o finoi 
colculoted  density  of  100  propogules  per  100  g of  soil.  At  the  end  of  this 
experiment,  inoculum  densities  for  these  soils  were  ogoin  determined. 

All  tested  Isolotes  guickly  ond  thoroughly  colonized  soil  In  the  first 
experiment.  At  the  end  of  the  first  experiment,  inocufum  densities  reoched  WO 
to  800  propogules  per  100  g of  soil.  Therefore,  In  the  second  experiment, 
inoculum  densities,  which  were  Inilloted  os  in  the  first  experiment,  were 


exp«rlment. 
dt  plcmtirig 
densities  In  a given  soil  cl  this  time 


•dictely  prior  to  plorting  os  well  ofter  the  completion  of  the 
his  monner  differences  between  Inoculum  densities  colculoted 
(100  propogules  per  100  g of  soli)  and  the  octvol  inoculum 

determined. 

seeds  were  surfoce-disinfested  for 
5 min  in  0.25%  NoOCi  before  planting  to  o depth  of  3 cm  in  infested  or 
noninfested  (control)  soil  in  lO-cm  pots.  Five  seeds  vrere  planted  in  eoch  pot 
end  eo(d^  treatment  wos  replicated  five  times  in  o randomized  complete  block 

from  24  to  38°C  and  pots  were  wotered  dolly.  Soybean  experiments  I ond  2 


were  terminated  16  and  13  doys,  respectively,  after  planting. 

Only  autoclaved  soil  was  used  during  the  third  soybeon  experiment. 
Germinated  seeds  were  planted  3 cm  deep  in  eoch  lO-cm  pot  before  soil  was 
Infested  with  inoculum.  Inoculum  wos  monuolly  broken  into  pieces 
approximately  I mm  in  diometer.  Approximately  three  pieces  of  inoculum  of  o 


given  isolote  were  placed  on  the  soil  directly  above  eoch  seedling  before 
covering  the  soil  with  vermiculito.  Control  treotments  with  or  without  sterile 
soybeon  tissue  were  included.  Pots  were  pieced  on  a greerdiouse  bench  ond 
treotments  vmre  replicated  four  times  in  a randomized  complete  block  design. 
During  the  experiment  temperotures  ronged  from  20  to  32"C  ond  pots  were 
watered  doily.  This  experiment  wos  terminated  16  doys  after  planting. 

Only  outocloved  soil  wos  used  during  two  experiments  with  'Wrens 
Arbuzzi'  rye.  Five  grams  of  inoculum  of  o given  isolate  were  blended  in  100  ml 
of  sterile  deionized  water  using  o Brinkmonn  Polytron  Homogenizer 
(arinkmonn,  Westbury,  NY  I I590)j  propogules  were  O.S  to  1.0  mm  in  diometer. 


Two  mJJlUIters  of  o given  inoculvm  suspension  were  Thien  ircorporoTerf  into  2 kg 
of  soiJ  by  blending  For  5 min  in  c Hobort  mixer  ot  low  speed  For  o Final 
inoeulurru  soil  dilution  of  1:20,000  (W/W).  For  the  first  rye  eiperrmenl,  seeds 
were  plonfed  to  o depth  of  2.5  cm  in  soli  in  lO-cm  pots)  10  seeds  were  plonted 
per  pot.  Treatments  were  replicated  five  times  ond  orronged  in  o randomized 
complete  block  desi^  on  o greenhouse  bench.  Temperotures  during  the 
experiment  ranged  from  20  to  26<>C.  Pots  were  watered  doily  ond  the 
experiment  wcs  terminated  18  doys  after  plonting. 

For  the  second  rye  experiment,  five  2-day-old  seedlings  were  plonted  ot  a 
depth  of  I cm  in  100  g of  soil  in  o 100-ml  plostic  beoker  perforoted  with  three 
smoll  holes  to  allow  droinoge.  Three  pieces  of  inoculum,  opproximotely  t mm  in 
diometer,  were  placed  on  the  soil  surface  directly  *ove  the  seed  before 
covering  the  soil  with  vermleullte.  Treatments  were  replicated  five  times  ond 
randomized  in  o complete  block  design  in  on  incubator  with  o diurnal  li^f  (12 
hr  li^t)  ond  temperoture  (20^  days  ond  IS^C  nights)  schedule.  Plonts  were 
Wflterod  every  third  doy  aid  the  experiment  vros  terminofed  IB  doys  offer 


running  top  woter,  surfoee-disinfested  with  0.25*  NoOCI,  rinsed  in  sterile, 
deionized  woter,  and  blotted  dry  on  sterile  poper  tpwels  before  placement  on 
vroter  agar  plus  streptomycin.  Dispose  rofings  for  all  plants  were  mode  the  day 
experiments  were  completed.  Disease  severity  vros  noted  on  soybeon  plants  but 
rye  seedlings  were  only  exomined  lor  hypocotyl  and  root  domoge  and 
discoloration!  no  attempt  wos  mode  to  rote  the  severity  of  diseose  found  on 
these  plonts.  Seedlings  ploced  on  woter  ogor  plus  streptomycin  were  observed 
for  growth  of  Rhizoctonlg  spp.  otter  24  hr  incubation  at  25®C  without  light. 


Hmaloaical  exgmirwtions.  Histological  studies  were  conducted  on  Bragg’ 
soybean  and  ’Wrens  ArbuKl’  rye  seedlings  infected  by  AG  b isolates.  Plants 
groMm  ortd  inoculated  os  For  the  third  soybean  ond  second  rye  experiment  were 
eiomined  beginning  3 days  after  inoculotlan.  Surface  Infection  structures  were 
examined  by  gently  woshing  seedlings  free  of  sdl  and  plant  debris  with  top 
water  before  sfoining  for  30  sec  to  2 min  in  0.(»  trypan  blue  in  10%  aqueous 
acetic  acid.  When  necessary  tissue  was  destoined  In  deienized  water. 

Occvrtence  of  Rhizoctonia  sop,  in  areas  outside  the  field,  IMoncultlvoted  areas 
adjacent  la  the  field  and  op  to  500  m distant  were  assayed  for  Rhizoetanig  spp. 
using  Flowers'  (60)  medium;  several  cultivated  areas  planted  with  suseepts  of  R. 
soloni  and  in  the  vicinity  (200  m to  30  km  distant)  were  also  assayed.  All  oreos 
were  tangled  during  the  lost  2 weeks  in  April,  I9B3,  ond  at  least  two  and  os 
many  os  three  sites  were  sampled  within  a given  area. 


Isolates  of  Rhlzoctonig  spp.  recovered  from  the  experimental  field  were 
assigned  to  one  of  seven  cultural  types  based  on  cultural  characteristics  on 
POA  (Table  I).  Isolates  from  cultural  typo  A predominanted,  accounting  for  39 
to  91%  of  the  total  from  any  of  the  four  souraes  of  sail  or  plant  tissue  (Table  2); 
only  isolates  from  cultural  type  A were  recovered  from  all  four  sources. 
Isolates  of  types  B throu^  F combined  to  account  for  13  to  40%  of  the  total 
recovered  for  o source.  Isolates  from  oil  seven  cultural  types  were  recovered 
from  soil;  Isolates  from  five,  three,  ond  two  of  the  types  were  recovered  from 
rye  tissue,  soybean  tissue,  and  soil  debris,  respectively. 
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Nuclei  of  isclotes  were  adefluately  stoiort  for  objervatior  with  thw 
Giemso-HCI  and  0.5%  onilirve  blue  in  locropherrol  stainsr  ooor  resalutlon  of 
nuclei  was  cbfcined  with  the  0.5%  aniline  blue  In  glycerine  stain,  Isolotes  from 
type  A were  rnultinuelecte  while  isolates  from  types  S through  F were 
predominantly  blnucleofe;  three  of  33  isolates  of  type  0 tested  were 
trinocleole.  Nuclei  of  isolates  of  type  G (R.  zeoe)  were  not  odequotely  stoined 
with  ony  of  the  steins  used. 

An  AC  4 tester  of  R.  sol  on!  from  the  field  onastomosed  with  93%  of  the 
isolates  from  cultural  type  A.  Eighty-four  percent  of  the  Isolates  from  type  C 
onostomosed  with  a CAG  3 tester  from  the  field;  however,  only  11%  of  these 
isolotes  fused  with  Burpee's  CAG  3 tester  (Table  3).  The  CAG  3 testers 
onostomosed  with  eoch  other.  Tester  isolates  for  cultural  types  B,  E,  ond  F 
fused  with  isolates  from  their  respective  types  75,  55,  ond  75%  of  the  time, 
while  only  20%  of  the  isolates  fnpn  culturol  type  0 anastomosed  with  the  type 
D tester  isolate  from  the  some  field  [Table  3). 

After  20  days  of  incubation,  hymenia  were  not  observed  on  any  of  the 
,soii-over-culture  plates.  After  lAdoys,  bosidlo  were  formed  by  three  of  the  25 
isolates  of  R.  soloni  AG  4 tested  (Fig.  3)  with  the  Adorns  and  Butler  (3) 
technigue.  One  oddltional  isolate  of  R.  soloni  AC  4 formed  bosidia  on  1.5% 
water  ogor,  Bosidium  morphology  indicated  that  these  isolotes  were  T. 
cucumeris(7l). 

Isolotes  of  R.  soloni  AC  4 were  pathogenic  to  'Brogg'  soybeon  hypocotyls 
(Table  4);  typieol  sunken,  sharply  defined  lesions  were  caused  by  oil  isolates 
tested  (Fig,  4AX  Dome-shaped  infection  cushions  were  observed  on  plonts 
inoculated  with  city  of  the  three  AG  4 isolates  used  in  histologicol  studies 
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(Fig.  5A).  Roof  dtseose  wos  not  observed  In  soybeans  exposed  to  AC  4 or  ony  of 
the  other  Tsolofes.  All  tested  isolates  of  CAG  3 were  also  pathogenic  to 
saybeorts.  All  other  isolates  of  Rhizoctorio  spp.  from  the  field  were  not 
pothogenie  to  'Brogg'  soybeon.  Aoporent  differences  in  virvlenee  noted  among 
AG  4 isolflfes  during  the  first  two  experiments  were  possibly  due  to  differences 
In  inoculum  densities  ond  not  due  to  differences  in  virulence  Among  thevorlous 
isolates.  There  wos  a positive  correlation  between  final  inoculum  densify  and 
disease  severity  (r^=a770,  Fig.  S). 

Rhizoctonio  spp.  noturolly  present  in  the  raw  soil  used  in  soybeon 
pathogenicity  tests  mode  if  impossible  to  rate  the  effect  of  individual  Isolates 
added  to  the  soil.  In  the  first  two  experiments,  the  severity  ratings  for  disease 
caused  by  Rhizoctonio  spp.  in  noninfested  control  treatments  usirtg  row  soil 
were  significantly  greater  than  that  found  in  noninfested  control  treatments 
using  outoeloved  soil  (1.8  and  2.3  vs.  1.0  aid  1.0,  respectively!  t-tests,  p s 
O.OS).  Also,  isolate  X soil  interactions  were  observed  in  studies  using 
oufoeloved  soil  and  cured  soil.  Certain  AC  4 Isolates  rapidly  colonized  both 
soils,  ond  soybe*i  seedlings  became  diseased  when  plonted  In  them.  However, 
other  isolotes  eopoble  of  colonizing  outoeloved  soil  were  poor  colonizers  of 
cured  soil  (os  determined  by  ossoy  with  Flowers'  (£8)  medium),  and  when 
soybeons  wore  plonted  in  cured  soil  infested  with  these  isolotes,  typicol  disease 
symptoms  were  not  observed  or  were  greotly  reduced  For  these  reosons  only 
outoeloved  soil  wos  used  in  all  pathogenicity  experiments  except  the  first  two 
soytieon  experiments. 

All  tested  AG  4 Isolotes  were  pothogenie  to  'Wrens  ArbuzzI’  rye  (Tobie 
5).  Symptoms  ond  infection  cushions  resembling  those  described  for  other  AG  4 
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ext^imentnl  field,  e.  Hypocolyl  and  cotyledon  InFecflon  of  a 2-week-old 
'Bf^^  Mybeon  seedling  10  doys  offer  inocoirtion.  b.  One-week-old  'Wrens 

=ojeo(mie^dl^l>rrt  by  1^  potho^  revealing  the  stem.  Although  lightly 


Fig.  5.  Infection  structures  produced  by  an  isolate  of  Rhizoclonio  snlnni  Afl  4 
from  the  experimental  field,  a.  Dome-shaped  infection  cushion  on  a lO-day- 
old  •Brog^  soybeon  seedling  5 days  after  inoculotion.  b.  Infection  cushions  on 
on  8-day-old  TWrens  Arbo«r  rye  seedling  7 doys  after  Inoculation.  Structures 
were  formed  on  stem  offer  penetration  of  coleoptile. 


I 


I 

1 


2S 


Tig.  6.  Rdotionsh]p  oF  dispose  saverlty  to 
pathogenicily  enporiments  wilh  'Bragg'  soiHjean 
so  an]  IkC.  U. 


firrol  inoculum  density  in 
and  isolates  of  Rhizoctonio 


2? 

i80lat«s  ort  whieat  IH)  ond  barley  (39)  were  observed  on  stems  beginning  3 doys 
offer  Inoojlalion  (Figs.  6b  ond  Sb).  If  allowed  to  grow  an  additional  6 to  S 
we^s,  these  Infected  blonfs  either  died  or  recovered  to  tiller  ond  orodvce 
normal  picsits.  All  other  isolates  of  Rhizoctonio  spp.  from  the  field  were 
nonpothogertic  on  rye. 

Isolotos  of  Rhieoctonlo  spp.  were  not  recovered  from  noncoltlvoted  soils 
In  this  study.  However,  isolotes  from  cultural  type  A (AG  4)  were  commonly 
recovered  from  cultivated  fleldsi  Isolates  from  cultural  types  C (CAC  3)  ond 
cultural  type  0 were  recovered  less  frequently  (Table  6). 
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POPULATION  DYNAMICS  OF  PATHOGENIC  AND  NONPATHOCENIC 
FUNGI  RECOVERED  FROM  A REDUCED-TILLAC^  EXPERIMENT 
MULTICROPPED  TO  RYE  AND  SOYBEAN  IN  FLORIDA. 


or  nonpothogenic  fungi  In  reduced-tillage  and  canventlonol-tilloge  soils  Fove 
included  doto  from  one  or  two  somple  dotes  (19,  37,  70,  75).  Although 


purpose  of  the  present  study  wos  to  quontify  populations  of  pothogenic  and 


been  published  previously  (52). 


depth  of  45 
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May  ond  harvMfed  in  Oetobef  ond  'Wrens  Arbuzji'  rye  wos  nionfed  in 
November  and  horvested  in  Aprii.  At  the  beginning  of  this  study,  plots 
subsoiled  ond  not  subsoiied  in  the  field  were  either  tilled  to  o depth  of  15  cm 
or  not  tilled;  in  the  resultant  split-plot  design,  subsoiled  plots  become  moin 
plots  ond  tilloge  plots  were  subplots.  Tillage  and  subsoiling  treotments  were 
imposed  before  the  rye  crop  was  plonted  eoch  year  and  both  crops  were  drill- 
planted.  Treatments  were  replieoted  four  times. 

On  22  sample  dotes  soil  somples  were  token  from  the  surfoee  5 cm  of 
treatment  plots  in  the  field;  the  sample  dotes  sponned  020  doys  at  intervals  of 
opprosimotely  5 vk.  Approximately  40  subsamples  were  token  with  a 2.5-em- 
diometer  soil  core  sompler  from  within  plont  rows  in  eoch  treatment  plot. 
Subsomples  for  eoch  plot  were  pooled  individuolly  in  plostic  bogs  for  transport 
to  the  laboratory;  one  pooled  sample  was  token  from  each  subplot  and  10 
pooled  somples  were  taken  from  the  field  on  eoch  sampling  dote.  Bogs 
containing  soil  were  covered  to  inhibit  moisture  loss. 

Pooled  samples  were  ossoyed  for  fungi  within  Id  hr  of  recovery  from  the 
field.  Percent  soil  moisture  (g  woter/g  oven-dried  soil)  wos  obtained  for 
samples  by  weighing  5 to  lO-g  subsomples  of  pooled  samples  before  and  after 
drying  of  lOOPC.  For  eoch  pooled  sample  the  eouivolent  of  300  g of  oven-dried 
soil  wos  suspended  In  125  ml  of  D.25%  woter  ogor  by  mixing  in  o Waring 
blender  at  low  speed  for  IS  sec;  I ml  of  these  suspensions  contained  I.0-0.I  g 
of  soil.  Soil  suspensions  were  then  used  Immediately  in  assays  on  selective 

Ko's  (31)  medium  amended  with  0.5  ppm  benomyl  (26)  wos  used  for  the 
isolotion  ol  Rhieoctonia  spp.  lor  the  first  six  stxnple  dotes  ond  Flowers’  (08) 
medium  was  used  for  isolating  Rhixoctonig  spp.  for  the  lost  10  sample  dotes. 


Soil  suspensions  were  added  To  both  medio  os  described  In  Section  2>  After  AS 
hr  and  72  hr  inoubotion  o1  2S^C  without  light,  medio  were  observed  for  growth 
of  Rhizoctorio  spp.;  positive  identifiootlons  were  verified  at  100  X urtder  o 
compound  microscope.  Spedes  of  Rhizoetonlo  were  identified  os  described  in 
Section  II.  Incidence  of  Rhizocfonio  species  in  soil  was  recorded  os  o 
proportion  of  100  totol  wells  (for  eoch  pooled  somple)  from  which  Rhizocfonio 
5pp.  grew;  one  positive  well  thus  = 1%.  Arc-sin  transformations  were 
performed  on  the  dota  before  ofKtysIs. 

Difco  cornmeol  agor  omended  with  10  ppm  pimoriein  (Oolvocid,  Cist- 
Brocodes  N.  V.,  Delft,  Hollond),  250  ppm  ompieillin  (Polycillin-N,  Bristol, 
Syrocuse,  NY  13201),  10  ppm  rifnnycin  SV  (Rifompicin,  Sigma  Chemical  Co., 
St.  Louis,  MO  SSI  78)  ond  100  ppm  PCNB  (Terrochlor,  75%  ai.,  Olin  Mothieson 
Chemical  Corporotion,  Little  Rode,  AR  72203)  was  used  to  essay  soil  for 
Pythium  spp.  (30).  Soil  suspensions  diluted  10  to  100  limes  with  sterile  a25% 
water  ogor  were  used;  dilution  rates  were  dependent  on  the  time  of  year  and 
the  Ireotment  being  ossoyed.  Oie  milliliter  of  a dilution  wos  applied  to  the 
surfoce  of  the  solidified  medium  in  a 9-cm  Petri  plate  ond  spread  evenly  over 
the  medium  surface  with  the  blunt  end  of  on  ethonol-dislnfested  test  tube. 
Ten  plates  were  used  for  eoch  pooled  somple.  Plotes  were  ineuboted  at  25°C 
without  light  for  48  hr  before  enominotlon  for  growth  of  Pythium  spp.  Pure 
cultures  of  isolates  of  Pythium  spp.  were  identified  fo  species  by  ejcomining 
the  isolates  after  growth  on  boiled  grass  blodes  placed  in  sterile  pond  woter. 
Due  to  the  cortsistent  growth  rote  ond  colony  morphology  of  isolotes  of  P. 
irregulore  Buismcsi  on  the  selective  medium,  isolates  of  this  species  were 
routinely  identified  solely  on  these  boses. 
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t,  3,000  to  10,000-folc 


plates  were  Incubated  for  2-3 


the  medium.  After  the  medium  solidified, 
weelo  at  25°C  without  light.  Plates  were 


SAS 


{Stotisticol  Analysis  Systems,  SAS  institute 
(General  Lineor  Models)  orogram. 


Cory,  NC  27511)  GLM 


SAS  RSREC  (Response  Surfoce  Regression)  progron 


n,  Aspergillus.  T 
0 71%  of  all  fungi  r< 


requenfly  isoloted 


frequency  of  recovery 


for  a given  genus.  Species  of  Peniclllium  recovered 
from  the  field  included  P.  citfinum  Thom,  purpurooenum  Stoll,  Cf'd  twro 
other  species  thot  were  not  identified.  Asperoiltus  ochroceus  Wilhelm,  A. 
clovotum  Oesm.,  ^ flovus  Link  e*  Groy,  ond  niqer  vcs%  Tieghem 
constituted  the  total  detectoble  Aspergillus  population  in  field  soil.  Only  two 
species  of  Trichodermo  were  routinely  Isoloted  during  these  studies:  T. 

horziaium  Rifoi  cggr.  ond  T.  homotum  (Bon.)  Sain.  oggr.  Isolotes  of  Fusorium 
ond  Rhizopus  were  not  identified  to  species. 

As  described  In  Section  II,  nine  onostomosis  groups  or  species  of 
Rhisoctonio  were  Isolated  from  field  soil;  isolates  of  R.  soigni  AG  4 ond  the 
binucleote  Rhizoctonig  spp.  anastomosis  group  CAG  3 (IS)  were  the  most 
commonly  isolated  of  these  ond  were  included  in  stotisticol  oholyses  below. 
Pythlum  irregulore.  P.  oconthicum  Drechsler,  ond  several  other  unidentified 
species  of  Pythlum  were  isoloted  from  the  field;  only  P.  irreoulore  was 
included  in  stotisticol  onolyses. 

In  generol.  fungal  population  densities  were  influenced  slgnificontly  by 
tillage  ond  sample  dote;  siAjsoiling  effects  were  not  signifieont  (p  = 0.05, 
Table  7).  The  effects  of  tillage  ond  somple  date  on  population  densities  of 
tofol  fungi  were  highly  signifieont,  os  wos  the  tillage  X sample  dote 
interoction;  Rhizoctonio  spp.,  Pythlum  spp.,  Penieillium  spp.,  and  Rhizopus 
spp.  responded  to  these  influences  on  voriobility  in  a similar  monner.  Tilloge 
and  sample  dote  influenced  significantly  the  population  densities  of  P. 
irregulore,  Aspergillus  gp..  ond  Fusorium  sop,:  tilloge  X sample  date  Toble7 


37 


Table  7.  Effects  of  filloge,  sample  bote,  orb  subsolling  oo  population  benilties  of 
fur>gl  from  soil  recovered  from  o reduced-tillage  system  multlcrop^  to  rye  orrd 
soybean  nFlorldo. 


Source'' 


Probobillty  of 

Meorr-squore  exceeding  F-volue 


boteX  sub 
date  X fill 
date  X sub  X till 


0.6122 

O.OOOS'T 

0.8432. 

aoool 

0.486S, 

0j683 


Rbizoctonio  sub 


sub  X till 


0.0141 

0.4330 

0.D0I3 


date  X sub  20 
date  X till  20 
date  X sub  X till  20 


0.2727 

0.0163 

0.0272 

O.OIOS 


0.3326, 

DJI46 

0.0001 

a0573 

0.0001* 

0.33S3 


sub  X till 


date  X sub 
dote  X till 
dote  X sub  X till 


0.0030 

0.0157 

a02l6 

0.0541 


0.7201 

0.4163 

a345S 

aoooi* 


CAG  3* 


0.2426, 


vjb  X till 

dote  X sub 
date  X till 
date  X sub  X till 


0.0212 

0,0032 

a0086 

0.0031 

0.0031 


O.IOOl 
aOS75 
0.0733 
0.S248 
0.1 105 


date  X sub 
date  X till 
dote  X sub  X till 


Tqbic  7.  (ContinL»ed) 


Scurce*' 


Probobility  of 

Moorv-square  exceeding  F-voli^e 


dote  X eub 
date  X till 
date  X sub  X till 


aaisfii 

dS.QfiSd 

1.2068 

20.2470 


Peniclllium  sub 


sub  X rill 


dote  X sub 
date  X till 
dote  X subX  till 


1.1970 

60.6321 

0.6726 

20.6382 

1.9854 

4.3187 

2.6149 


Trichodermq  sub  | 

SbO.  till  t 

sub  X till  1 

dote  19 

dote  X sub  1 9 

dote  X till  19 

date  X sub  X till  19 


Aspergillus  sub  I 

date  X sub  19 

dote  X till  19 

dote  X subX  till  19 


3.1525 

35.1578 

0.4313 

18.6303 

2.1080 

I.74I1 

0.9824 


Fusorium  sub  I 

spp.  fill  I 

sub  X till  I 

dote  19 

dote  X sub  19 

dote  X till  (9 

doteXsubX  till  19 


1.8027 

0.7741 


0.1798 

0.0028* 

0.5316 

0.0001 

0.5494 

0.1892 

0.8146 


0.0755. 

0.0070 

0.6867 


0.4472 

0.0036 

0.1637 


0.2304 

0.‘7353. 

0.0007 

0.2631 

0.2631 

0.8945 


0.4124. 

0.0138 


Tobte  7,  (ConMnued) 


Probability  of 

Meon-sfluar* *  exceeding  F-valoe 


^ Source  of  variobility. 

' Degrees  of  freedom. 

Main  plots  In  the  split  plot  design  were  either  subsoiled  ot  o depth  of  05  crn  to 
breok  compoeted  subsurfoee  layers  of  soil  or  were  not  sobsoiled. 

Slants  in  the  split-plot  desiyr  were  either  tilled  to  d^hof  15  cm  or  not 
f * denotes  signlflcofKe  ot  the  5%  level. 

* Blnucieote  anastomosis  group  of  Rhizoctonio  (15). 
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Inferacfion*  were  not  significont  for  these  fungi.  Popolotlon  densities  of  R. 
soioni  AG  4 and  Trichodermo  soc.  were  affected  siyiifleontiy  by  somple  dote 
and  densities  of  CAG  3 were  affected  significontiy  by  tiiioge.  Because 
subsoiiing  hod  no  significant  effect  cn  fungol  populotion  densities,  no-HII  and 
IS-cm  tiii  doto  were  combined  ond  onoiyzed  seporoteiy  for  totoi  fungi, 
Rhizoctonio  spo*,  CAC  3,  Pjhhlirn  spp.,  and  jrregulore. 

In  no-tiil  plots,  me<n  populotion  densities  of  totoi  fungi  were  often 
stotistlcolly  greater  then  these  recovered  from  plots  tilled  to  IS  cm  (p  s O.OS), 
especially  during  the  rye  crop  ofter  tllloge  treotments  were  imposed  (Fig.  7). 
Mean  densities  of  Rhizoctonio  spp.  were  also  usually  greater  in  no-till  plots 
thon  in  15-cm  till  plots  (Fig.  8).  These  differences  were  greatest  following 
tillage  ond  often  statisticolly  si^ifieont  (p  = 0.05).  Within  a given  growth 
cycle  of  rye  or  soybean,  meon  densities  of  R.  soioni  AG  4 were  alwoys 
greatest  18  to  45  doys  after  planting  (Fig.  9),  These  moslmum  dertsitles 
deereosed  over  the  remainder  of  the  crop's  growth  cycle  ond  increased  again 
ofter  the  neirt  crop  was  planted.  When  t-tests  were  performed  with  data  from 
the  second  year  with  mean  densities  from  before  or  at  pitnfing  ond  after 
planting  these  differences  were  significant  (p  = O.OS).  Mean  populotion 
densities  of  CAG  3 were  higher  in  no-till  plots  than  in  plots  rilled  to  IS  cm 
(Fig.  10),  Due  to  high  variability  in  these  data,  however,  these  differences 
were  seldom  significant  (p  = O.OS). 

During  the  second  year  of  the  enperiment,  population  densities  of 
^"1*  Olots  were  higher  thon  those  In  15-cm  plots,  although 
these  differences  were  not  often  significant  (p  e 0.05);  a similar  pattern  was 
not  evident  Airing  the  first  year  (Fig.  tl).  In  comparisons  of  populations  in  15- 


41 


Fig.  8.  Population  densities  ot  total  species  of  Rhizoctorio  recovered  from 
soil  in  0 reduced-tillage  esperiment  in  Florida  molticropped  to  'Wrens  Arbuzzi' 
rye  and  'Srog^  soybe^.  Rye  was  plonted  In  Novemb^  ond  was  harvested  in 

begining  of  this  studyi  plots  in  the  Field  were  either  tilled  to  o depth  of  IS  cm 
or  not  tilled  prior  to  planting  the  rye  crop  eoch  year.  Proportions  equal 
percentages  of  0.1  g aliquots  ot  soil  placed  on  a selective  medium  from  which 
species  of  Rhizoctonio  were  isolated.  Points  for  a given  dote  are  not 
siTrificonTly  different  from  eoch  other  if  represented  by  the  some  letter  (p  s 
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Fig.  3.  Populotion  densities  of  Rhlzoctonia  sploni  AG  4 recovered  frorn  soil  in 
0 reduced-tilloge  eiperimeni  in  Florido  multicropfsed  to  'Wrens  Arbuiil'  rye 
ond  'Brogg'  soybeon.  Rye  vros  plonted  In  Movember  ond  wos  harvested  In  Mey, 
end  soybeons  were  plonted  in  May  ond  horvested  in  October.  At  the  beglning 
of  this  study,  plots  In  the  field  were  either  tilled  to  o dep^  of  15  cm  or  not 
tilled  prior  to  plonting  the  rye  crop  eoch  yeor.  Proportions  equal  pereentoges 
of  0.1  g oliquots  of  soil  ploced  on  o selective  medium  from  which  R.  sotoni  AC 
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Fig.  II.  Population  densities  of  Pyfliium  spp,  recovered  from  soil  in  o 
redijced-tilloge  experiment  in  Florido  multicropped  to  'Wrens  Arhuzzi’  rye  ond 
'Bragg'  soybean,  Rye  was  planted  in  November  and  was  harvested  in  Moy,  and 
soybeans  were  planted  in  May  ond  harvested  In  October.  At  the  begining  of 
this  study,  plots  In  the  field  were  either  tilled  to  a depth  of  IS  cm  or  not  tilled 
prior  to  plontIr>g  the  rye  crop  eoch  year.  Points  for  o given  date  ore  not 
significantly  different  from  eoch  other  if  represented  by  the  some  letter  (p  = 


cm  fill  plofs,  increases  in  densities  of  Pythium  spp.  ond  irregjlore  were 
corsisfentl)’  noted  for  sample  dales  7 to  55  doys  after  plonfing  versus  tiiose  ot 
or  shortly  before  planting.  These  charges  In  population  densities  were  always 
significont  for  Pythium  spo,.  but  were  si^ificont  for  P.  irregulore  only  at  the 
beginning  of  both  rye  crops  (t-tests,  p = D.05}  date  not  ^wn).  The  some 
trend  was  noted  for  densities  of  Pythium  spp.  ond^.  IrTeaulore  In  no-tlll  plots 
only  during  the  second  rye  crop.  Densities  of  irregulore  in  no-tll!  plots 
were  aiwoys  higher  then  those  in  15-cm  till  plots  during  the  second  yeor  of  the 
experiment,  but  rtot  consistently  so  during  the  first  year.  Durirtg  the  second 
year,  these  differences  were  often  significant  [p  - 0.05,  Fig.  17). 

Regression  models  for  pcpulotion  densities  of  Rhiyoctonlo  spp,.  R.  soloni 
AG  Is  CAG  3,  Pythium  spp.,  end  irregulcre  wore  built  using  terms 
incorporotlng  somple  dote,  soil  moisture,  and  temperature.  Fifty-seven 
percertt  af  the  variability  found  In  date  for  Rhlzoctonld  spp.  was  accounted 
for  in  c model  using  linear  and  quadrctlc  combinations  of  the  above  foctors 
(Table  8);  cubic  terms  were  not  significant  (p  s 0.05)  and  were  not  used  in  the 
model.  The  some  model  occounted  for  only  23%  of  the  voriability  in  dota  for 
_R.  solmi  AC  d;  only  linear  terms  in  the  model  were  significont  (p  s 0.05, 
TobleS).  R-squore  volues  of  O.ll  to  0.33  were  obtained  with  models  for  CAG 
3,  Pythium  spp.,  or^  P.  irregulore  Incorporating  linear,  ond  guodrotic  terms 
(dota  not  shown).  Regression  models  were  olso  built  including  o term  for 
population  densities  of  Trichodermo  spp.  with  the  above  weather  terms; 
densities  of  Trichodermo  sop,  wos  not  o significant  term  in  any  of  the  models. 
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Fig.  12.  PoDulotion  densities  of  Pythiurn  irrwvlqre  recovered  soil  in  o 
reduced-tilloge  expeflment  in  Florido  rnglticropped  to  'Wrens  Arbuzzi'  rye  end 
'Brogg*  soybeon.  Rye  wes  plonted  in  November  and  wos  harvested  in  May,  and 
soybeorts  were  plonted  In  Moy  ond  harvested  in  October,  At  the  begining  of 
this  study,  plots  in  the  field  were  either  tilled  to  o depth  of  15  cm  or  not  titled 
prior  to  planting  the  rye  crop  eoch  yeor.  Points  for  o given  dote  ore  not 
signlflcontly  different  frotn  e^  other  If  represented  by  the  some  letter  (p  s 


SECTION  IV 


INFLUENCE  OF  WATER  POTENTIAL  ON  THE  SURVIVAL  AND 
SAPROPHYTIC  ACTIVITY  OF  RHIZOCTONIA  Sm  ANI  ar  A lAr 
NATURAL  SOIL. 


The  objectives  of  the  present  jturjy  were  to  determine  the  Influence  of 
soil  moisture  on  the  survival  and  saprophytic  actlw'ty  of  R.  soloni  AG  l|  in 
notural  soil  under  controlled  environmental  conditions.  Portions  of  this  vrark 
hove  been  published  previously  (51), 


Moterlals  ond  Methods 


All  survival  and  saprophytic  colonization  studies  were  conducted  with  on 
Arredondo  fine  sand  from  the  evperimental  field  described  in  Section  II.  Soil 
was  passed  throush  a 2-mm  sieve  before  use.  All  isolates  of  R.  soloni  AG  it 


tested  were  recovered  from  the  field  ond  pathogenic  to  'Wrens  Arbuzzi'  rye 
and  'Brogg-  soybeon  in  tests  described  in  Section  2.  Isolates  were  grown  on 
(3ifeo  potato  dextrose  agor  for  3-5  days  at  25»C  without  light.  A 5-mm  plug 
from  eoch  of  these  cultures  was  then  used  individually  to  infest  mature 
soybean  stem  tissue  from  the  field.  The  tissue  was  previously  ground  in  o 
Wiley  mill  to  o particle  size  of  < 3 mm  in  diameter  and  outoela^  for  I hr  on 
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'e  doyj.  Thes«  cultures  were  Incuboted  for  4 wk  ot 
25®C  without  light  before  use.  This  inoeulum  was  then  oir-dried  for  4 hr 
before  passage  through  850->i  aid  50ft-_|s  sievesj  inoculum  remaining  or  the 
5CK}.»1  sieve  was  used  for  oil  experiments.  Bosed  upon  germinotion  on  1.5% 
Oifeo  woter  agor,  vfobility  of  pieces  of  inoculum  used  in  oil  experiments 
ronged  from  85  to  55%. 


Survival  studies.  Survival  of  Isolates  of  R.  solani  AG  4 wtM  tested  in  the 
loborotory  in  noturol  soil  held  ot  constant  water  potentials.  Buchner  funnels, 
10  cm  in  dionefor  ond  fitted  with  fritted  gloss  disks,  were  suspended  over 
water  columns  to  ochlove  motrlc  potentiols  of  0,-O.OS,  ond  -0.2  bar  os 
described  by  Dvmiwoy  (22).  Two  hundred  groms  of  soil  were  then  placed  in 
eoeh  funnel  ond  brought  to  soturation,  Soil  was  tomped  to  achieve  a bulk 
density  of  opproximotely  1.5  g/ee.  Water  columns  were  then  lowered 
predetermined  distonces  to  ochieve  one  of  the  three  matric  potentials. 
Funnels  were  covered  with  Parofiim  (Americon  Can  Co.,  Creenwhich,  CT 
05830)  fastened  with  rubber  balds  ord  olumlnum  foil.  Soil  in  funnels 
equllibroted  overnight  before  use  in  ai  experiment.  Temperatures  in  the 
loborotory  ronged  from  23  to  28°C  during  aiy  of  these  experiments. 

Two  odditlonol  water  potentials  were  oehleved  by  supporting  50  g lots  of 
soil  in  5-cm  Pyrex  Petri  plates  over  NaCI  solutions  ot  -2  or  -10  bars  (57). 
These  water  potential  systems  were  enclosed  In  desicotors  covered  with 
Parafllm,  to  allow  gos  diffusion,  aid  seoled  with  stopcock  grease.  Soils  were 
ollowed  to  equilibrate  4 doys  before  use.  In  o preliminary  test,  oir-dried  soil 
ioci*oted  in  chombers  prepored  to  od)ust  soil  to  -2  bors  failed  to  toke 
oddifionol  water  ofter  4 days.  These  wafer  potentlol  systems  were  ploced  in 
on  incubator  without  light  at  25*0.5®C. 


Each  funrel  or  Petri  plate  containing  soil  in  the  otiove  systems  wos 
considered  an  experlmentol  unit.  Some  of  the  experimental  units  were  not 
infested  ond  were  used  os  control  treotments.  A locclized  arrangement  of 
irtocuium  of  four  isolates  was  tested.  In  the  remaining  experimental  units, 
r^iproximotely  five  pieces  of  inoculum  were  ploced  in  soil  ot  eoeh  point  on  o 5 
X 5 grid!  the  2S  points  on  the  grid  were  seporoted  from  one  onother  Sy  1.5  cm 
in  0 uniform  fashion  (Fig.  I3X  At  each  of  five  time  intervals  after  infestotion 
(0,  A.  IQ,  25.  and  55  doys),  five  soil  samples  were  token  vrith  o A-mm  cork 
borer  from  eoch  experimental  unit  ot  points  on  the  grid.  Sample  sites  on  the 
grid  were  chosen  rondomly  but  were  consistent  for  all  treatments  on  o given 
somple  date.  Soil  somples  were  essayed  on  Flowers'  (AS)  medium  for  the 
presence  of  R.  soloni  os  described  in  Section  2.  Treatments  were  replicated 
over  time  in  three  experiments  in  a ^lit-plot  design!  two  of  eoch  combination 
of  isolate  X woter  potential  (experimentol  unit)  were  used  in  eoch  experiment 


ond  were  considered  main  plots;  sample  dotes  were  considered  subplots.  Data 
In  Fig.  14  are  combined  results  for  the  recovery  of  isolate  l-l?  over  lime  in 
three  experiments.  These  and  oil  romoining  data  in  this  paper  were  arC'Sin 
tronsformed  ond  analyzed  with  SAS  (Stofisticol  Analysis  Systems,  SAS 
Institute  Inc.,  Cory,  NC  27SII)  GLM  (Cenerol  Lineor  Models)  ond  RSR£C 


in  other  survival  studies,  inoculum  was  dispersed  in  soil.  Inoculum  of 


equilibrated  in  air  ot  o relotive  humidity  of  32%).  One-bolf  of  a grom  of 
inoculum  wos  added  to  eoch  kg  of  soil  and  blended  in  o Hobart  mixer  at  low 
speed  for  3 min.  While  blending,  woter  was  odded  to  some 


: of  fbe  soil  lots  to 
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Fiq,  13.  Sochner  funnel  used  in  survivol  studies,  olostic  femplote  used  to 
infest  soil  of  the  beginning  of  eoch  experiment,  ond  cortr  borer  used  to  sanple 
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odiieve  wofer  potentiols  of  opproximotely  -lOO,  -15,  -8,  -3.5,  -0.1,  ord  -0.05 
bars;  wo1«r  potentials  for  the  first  four  trectment  soils  vrere  determined  by 
fhermoeoupie  psyehrometry,  ond  wafer  potentials  for  the  latter  two 
treatment  soils  were  determined  from  a water  ehorocterlstic  curve  for  the 
trectment  soil  (Fig.  15).  This  curve  represents  desoturotion  doto  from  on 
experiment  in  Buchner  fixinels.  Noninfested  soils  for  eoch  of  the  water 
potentials  were  used  as  control  treotments. 

The  equivalent  of  100  g of  oven-dried  soil  was  odded  to  each  of  15  100- 
ml  tripour  beakers,  romped  to  obtain  bulk  densities  of  aoproximately  I.S  g/cc, 
and  ^jiekly  covered  with  Parofiim  to  inhibit  moisture  loss.  Soil  in  beakers 
was  ineuboted  at  25®C  without  light.  Soils  were  ossoyed  for  R-  soIctiI  AC  4 
with  Flowers'  (68)  medium  the  doy  of  infestation.  Soils  were  also  sampled  3, 
6,  5,  ond  12  doys  after  infestation  by  combining  soil  from  three  beakers  for 


eoch  treatment  on  each  sample  date  for  essay  with  the  selective  medium. 
This  experiment  wos  conducted  twice  and  portions  of  it  were  repeated  a third 
time.  (5oto  In  Figs.  16  and  17  for  oil  water  potentials  but  -1500  bars  are 
combined  results  for  two  experiments;  data  for  -1500  bars  are  from  one 
experiment.  Regression  date  In  Table  iO  ore  from  one  experiment  with  a 
split-plot  design;  wofer  potential  treatments  were  main  plots  and  sample 
dotes  wore  considered  subplots.  Eoch  treatment  was  replicated  three  times. 
Styrophytic  eolonizotlon  studies.  The  influence  of  soil  wofer  potential  on  the 
soprophytic  octivity  of  R.  soloni  AC  4 in  noturol  soil  was  tested.  Inoculum  of 
isolate  1-15  wos  prepared  os  above  end  used  to  infest  soil  held  ot  eoch  of  six 
water  potential!  (-1500,  -15,  -8,  -15,  -ai,  ond  -0.05  bars),  aS  g ot  inoculum 
(850  to  SOOMindiometer)  was  added  toeochkgof  soil.  Soils  were  moistened 
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Fio.  15.  Water  choTQCteristic  curve 
ord  saprophytie  eolonljofion  studies. 


Arredondo  fine  sand  used  in  survival 
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fls  diove  and  added  fo  100-ml  ploslie  tripour  beolrers.  Control  treatments 
were  not  infested.  Ten  l-em  long  segments  of  mature  'Wrens  ArbuezI*  rye 
stems  were  placed  in  soil  In  eoch  of  the  beakers  before  tamping  the  soil  to 
ochieve  a bulk  density  of  aporojimately  l.5g/cc  (faking  Into  acDsunt  the 
volume  of  soil  displaced  by  the  stem  pieces).  Beakers  were  then  covered 
quickly  with  Parafilm  before  incubation  at  25°C  without  light.  Stem  sections 
were  cssoyed  for  the  presence  of  R.  soloni  AG  4 prior  to  exposure  to  infested 
soil,  and  I,  2,  3,  S,  and  12  days  after  exposure!  30  stem  pieces  were  assayed  for 
each  treotment  on  eoch  sample  date.  The  experiment  was  repeated  once. 


In  regression  onolyses  with  survival  dato,  there  wos  no  significant  isolate 
X water  potential  interoctiont  general  trends  evident  for  isolate  I-I9  at  each 
woter  potentiol  ore  olso  valid  for  the  1-5,  1-13-1,  ond  2-1 1-19  isolates  used  in 
these  experiments.  When  survival  of  the  four  isolates  was  compared  over  all 
five  water  potentials,  however,  one  isolote,  I-I3-I,  survived  significantly 
better  than  the  remaining  three  (Table  9).  Also,  based  on  linear,  quadratic, 
and  cubic  regression,  survivol  of  all  isolates  at  -a05  ond  -0.2  bar  wos 
signifiaontly  lower  than  that  ot  -10  bors.  Regression  lines  for  D and  -2  bars 
were  nor  significantly  different  (pxO.OSjthon  that  for -10  bars. 

In  survival  tests  with  a dispersed  arrangement  of  inoculum,  survivol  of 
R.  soloni  AG  » (Isolate  1-19)  at -15  bors  was  significantly  greater  than  thot  at 
-0.05  bar  (Figs.  15  ond  17).  Linear,  quadratic,  ond  cubic  regression  lines  for  all 
other  water  potentials  tested  were  not  significantly  different  from  that  for 
•0.05  bars  (Table  10). 
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Scwopfiytie  eoloniiation  of  rye  stem  sections  by  R.  solar!  AG  4 (Isolate 
I-I9J  did  not  occur  ot  -ISOO  bors  (Figs.  IB  and  19).  However,  rye  stem  nieces 
were  qoiddy  coionijed  by  Inoculum  added  to  tbe  soil  ot  oil  other  water 
potentiols  tested  (Fig.  IB).  In  regression  onolyses  with  dcto  from  I to  12  doys 
after  the  beginning  of  the  experiment,  eoloniiation  at  -IS  bors  was  shown  to 
be  sl^ificontty  greeter  than  at  -0.05  bor;  colonizotion  rates  at  -0. 1,  -3,5,  or 
-8  bors  were  not  slgiificeiitly  different  from  that  at  -0.05  bar  (dote  not 
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Fig.  I>.  Saprophytic  colonizotioo  of  rye  stem  segment;  by  Rhizo^onlo 
AC  fi  offer  12  days  incubation  In  nofural  soil  held  of  con^ont  wm»r 
potentials.  Colonliotion  epuols  percentoge  of  «0  totol  se^enls  Irom  two 
experiments  colonized  by  R.  soloni  AG  d, 


SECTION  V 


DISCUSSION  AND  CONCLUSION 


The  onastomosis  group  concept  in  ^ soJoni  ie  a mecningful  woy  to  divide 
this  vorioble  speciee  (4).  Isolates  within  an  AG  share  common  pothologieal  (4), 
physiological  (d0»  61),  and  ecological  f4,  58)  attributes  otkI  hove  the  obility  to 
exchange  genetic  information  (4).  Recently  workers  hove  used  seroiogicol  data 
(2),  ratios  of  guonineicytosine  (32),  ond  soluble  proteins  (54)  of  the  different 
AGs  to  show  That  AGs  in  R.  soloni  ore  reloted  but  distinct  species. 

My  experience  with  isolates  of  R.  soloni  and  binucieote  Rhlzoctonio  spp. 
on  PDA  indicates  thot  isolates  from  one  onastomosis  group  con  be  tentatively 
distin^Ished  from  those  in  onother  by  cultural  charocteristirs  alorte.  Working 
with  isolotes  of  ^ soloni.  others  also  noted  thot  isolates  within  an  AG  usuolly 
resemble  one  another  when  grown  on  a given  culture  medium  (28,  58,  65). 
Although  similor  culture  morphology  is  not  olwoys  indicative  of  this 
relationship,  this  recognition  becomes  useful  when  one  needs  to  identify  large 
numbers  of  isolates  ond  obsolute  occurocy  is  not  necessary.  This  relotionship 
should  not  be  used,  of  course,  when  precise  identification  of  individual  isolates 

On  the  basis  of  results  of  tests  with  Burpee's  Bn3I  isolote,  CAG  3 isolates 
from  the  field  may  represent  o subgroup  within  CAG  3.  Burpee  et  ol.  (15)  did 
not  use  Sn3l  os  o tester  isolate  in  their  studies.  However,  Bn31  onostomosed 
with  24  of  24  CAG  3 isolotes  recovered  from  soil  or  diseased  longleaf  pine 
seedlings  from  o site  30  km  from  the  experimental  field  ted  with  an  additionol 


CAG  3 tsolote  (Rhl5(IS))  s«nt  to  me  br  Ors.  Sumner  and  BefI,  Tiftor,  GA  (data 
notshown).  Subgroups  also  occur  within  AG  2 of  R.  sotoTi  (26,  41).  Ogoshi  (41) 

divided  AC  2 into  AG  2-1  and  AG  2-2  bosed  on  frequency  of  hyphal 
anastomosis.  Isoiofes  from  AC  2-i  do  not  onostemose  with  those  from  AC  2-2; 
however,  bridge  isoiotes  ejcist  whids  ore  eopoble  of  anastomosis  with  isoiofes 
from  either  subgroup.  Although  the  evidence  for  o similar  phenomenon  in  CAG 
3 is  limited,  this  oppeors  to  be  the  cose  with  isoiotes  of  this  anastomosis  group 
studied  by  me. 

The  existence  of  blnuelecfe  anastomosis  groups  of  Rhizoctonio  son.  In  the 
field  different  from  others  previously  reported  (15,  42,  43)  is  not  suprising. 
Burpee  et  ol.  (IS)  ad  Ogoshi  et  al.  (42,  43)  have  identified  o totai  of  17 
onostomesis  groups  omong  isolates  of  these  fungi;  it  is  likely  thot  others  exist 
(L.  L.  Burpee,  (3epf.  Envlronmentol  Biology,  Univ.  of  Guelph,  Ontario  NIG  2WI, 
Canada;  personol  eommuniccfion).  It  is  also  possible  thot  these  isolates  are 
from  sd>groups  of  reported  Anastomosis  groups;  however,  our  results  provide  no 
evidence  for  this  possibility. 

Isolates  of  AC  4 were  commonly  recovered  from  cultivoted  soil  outside 
the  field  plonted  to  AC  4 suscepts,  but  were  not  recovered  from  noncultivoted 
soils  in  the  vicinity  (ail  sampled  soils  were  Arredondo  fine  sands).  These  results 
agree  with  tht.se  reported  by  Kuninogo  et  ol.  (33).  In  studies  of  noncultivoted 
soils,  they  recovered  iKilotes  from  other  AGs  of  R.  soiad,  but  not  from  AC  4. 

If  oppeors  that  the  presence  of  AC  4 isolates  in  the  Arredondo  fine  sands 
examined  in  my  studies  is  restricted  to  area,  in  which  the  fungus  may  function 

Soil  microbiol  chonges  In  reduced  versus  conventicnal  tillage  system, 
have  been  reported  by  others  (I?.  37,  70,  75).  In  soils  plonted  to  winter  wheat. 


L/nch  and  Ponting  (37)  described 


versus  tilled  solisi  they  attributed  this  difference  to  an  increase  In  fungal 
blomoss.  Doron  (19)  studied  surface  soils  from  several  different  cropping 
systems,  and  fourrd  consistently  higher  populations  of  three  groups  of 
microorgonisms  In  no>till  soils  than  In  cortventiorvolly-tilled  soils.  In  a 
multicropping  study,  Sumner  et  cl.  (70)  demonstrated  higher  papulation 
densities  of  solani  (predomirtontly  AC  4)  md  Pvthium  spp.  in  surface  soil 
from  reduced-tillage  systems  then  from  conventionally-tilled  systems  shortly 
after  planting,  Wacha  and  Tiffany  (75)  studied  a 4-year  rototion  ot  corn  and 
soybean.  They  found  no  significant  quantitative  differerrees  between  total 
fungal  populations  from  no-till  and  conventionally-tilled  soils;  however,  their 
soil  scenple®  were  taken  at  the  end  of  the  soybean  growing  season  erd  after 
plant  debris  orrd  thatch  hod  been  removed  from  the  soil  surface.  These  factors 
likely  obscured  any  quonfltative  differences  that  moy  have  esisfed  after 
plowing  and  during  the  growing  season  in  this  soil. 

My  results  with  total  furtgal  population  densities  agree  with  those  of 
Lynch  and  Panting  (37),  Doran  (19),  and  Sumner  et  ol.  (70X  When  populotlon 
densities  of  total  fungi  were  broken  into  their  component  genera  and  species, 
however,  these  were  not  alwoy*  positively  influenced  by  no-tillcge.  Although 
slgnificontly  higher  densities  of  Rhizoctorio  son,  were  often  recorded  Inno-tlll 
thon  in  IS-cm  till  soils,  this  trend  wos  not  found  with  densities  of  R.  solani  AG 
4.  Rhizoctonig  soloni  AG  4 is  a seedling  pothogeru  Population  densities  of  this 
species  were  influenced  signlficontly  by  the  presence  of  a sueeptible  host  (rye 
and  soybean  seedlings,  Fig.  9)  ond  the  Interactions  of  somple  dote  ond  soil 
dote  ortd  temperoture,  and  soil  moisture  and  temperature 


(Toble  3), 
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but  not  by  tilloge  CToble  7).  Densities  of  the  pothogen  oiwcys 
os  time  ofter  the  seedling  stages  of  its  hosts  increased.  It  is 
ooporent  that  the  role  of  R.  soloni  AG  4 in  this  field  is  primarily  thot  of  a 
porosite.  its  soprophytie  role  in  the  field  is  probably  limited  and  usuolly 
restricted  to  plont  tissues  previously  colorized  when  it  was  a porosite. 

Foctors  other  than  sample  dote,  soil  moisture,  ond  temperoture  probably 
influenced  the  fungi  for  which  regression  models  were  built  during  the  course  of 
this  worli.  Also,  for  fungi  that  ore  sensltiye  to  chonges  in  soil  woter  status 
(Pythium  sop.  and  P.  irreoulore)  it  would  hove  been  desirable  to  assay  soil 
moisture  on  a more  frei^jent  bosis  than  at  eoch  sampling  date.  Any  lag  in  the 
response  of  population  densities  of  these  fungi  to  soil  water  status  were  not 
lihely  detected  due  to  the  lengthy  intervals  between  sunpling  dotes.  Data  from 
fre^ient  soil  moisture  essays  moy  hove  accounted  for  a higher  proportion  of  the 
variability  colculoted  for  these  dota  than  that  octually  found. 

A foetor  not  occounted  for  in  these  models  that  probohly  contributed  o 
great  deal  to  voriohility  in  these  dato  is  the  spatial  distribution  of  these  fungi. 
Data  from  studies  with  Pythium  oohgnldermatum  (dA)  ond  R.  soloni  AG  4 ond 
CAG  3(57)  hove  been  used  to  demonstrate  a highly  oggregoted  arrongement  of 
propagules  of  these  plont  pathogens  in  soil.  A more  intensive  srynpling  scheme 
In  the  present  study  would  likely  hove  reduced  the  contribution  ol  this  foetor  to 
the  error  term  in  these  dote  ond  may  hove  resulted  In  o greater  proportion  of 
the  voriobility  in  these  dota  being  explained  by  the  three  foctors  used  in  the 

The  results  from  comporltive  studies  with  populotion  densities  of 
Tfichodermo  spp.  (moinly  T.  horzlonum)  ond  Rhlzoctonlo  son,  or  R.  solml  AG  ft 
ore  interesting.  Trichodermo  horzionum  is  well 


known  hyperporosife 


Rhizoetonio  pathogere  «,  M).  Although  a negative  correlotlon  between 
Trlchodermo  spp.  and  these  fungi  is  apoorent  in  plots  of  row  date  (Fi^  20  end 
21),  densities  of  RhlTOCtonlg  spp.  or  R.  solgni  AG  A were  not  sigrificontly 
influenced  (p  = aOS,  data  not  shown)  by  densities  of  Triehodertnn  spp.  when 
regression  onolyses  were  run  with  tronsformed  (or  raw)  doto.  A negative 
correlotlon  between  densities  of  Trichoderma  spp.  ond  total  fungi  was  not 
evident  In  plots  of  row  data  (Fig.  22).  (Oota  used  in  the  former  comparisons 
may  not  hove  occounted  for  lag  periods  thot  would  occur  before  the  influence 
of  Trichodermo  spp.  became  apparent  In  assays  for  population  densities  of 
Rhlzoctonio  Although  such  a log  period  probably  exists,  it  is  not  cleor  how 
one  could  account  for  if  with  these  dota  It  is  possible  that  dota  from  soil 
samples  taken  more  frequently  thas  every  S wk  could  have  provided  evidence 


signlficonce  of  these  trends. 

Results  from  the  survival  studies  conducted  for  R,  soloni  AG  A in  naturol 
soil  at  constait  water  potentials  generally  agree  with  those  of  Dube  (20),  and 
Benson  and  Baker  (?)i  survival  rates  In  moist  soil  were  lower  than  those  in 


(-1500  bors)  and  dry  (-100  bars)  soil  apparently  controdict  those  of  the  above 
researchers.  In  their  works  survivol  rotes,  if  not  enhoncod  in  very  dry  soli 
(-9A0  and  -5A0  bars),  were  at  least  more  consistent  over  time  tha,  in  moister 
soil.  In  the  present  studies,  survivol  of  inoculum  of  R.selgni  AG  A wos  lower  in 
soils  held  01 -100  and  -1500  bars  than  at -15  bors  (Figs.  Id  ond  I?),  lethol  loss 
of  woter  and  on  absence  of  growth  activity  of  the  fungus  in  the  drier  soil  ore 
plausible  reasons  for  this  phenomenon.  Benson  ond  Baker  (»  did  not  size  the 


72 


i 

I 


Fig.  20.  Relationship  between 
Trlchoderma  spp. 


Fis-  21-  Relationship  between  popolotlon  densities  of  Rhieoctonie  solani  AG  <t 
nr^  Trichodermq  spp. 
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Fig.  22.  Relotionjhip  between  populotion  densities  of  total  fungi 
Trichodermo  spp. 
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inoculum  used  in  their  studies  and  it  Is  probable  that  Inoculum  used  In  their 
work  wos  larger  than  that  used  in  the  present  work,  Perhops  large  inoculo 
would  survive  better  under  dry  conditions  In  the  soil.  Dube  (20)  gradually 
oeclimotisod  Ws  inoculum  to  drier  conditions  before  use  in  on  eiperiment. 
Although  it  is  not  known  how  closely  these  conditiorts  resembled  conditions 
found  In  a field  situation,  this  factor  may  help  explain  differences  between  his 
and  the  present  results. 


Survival  of  ^ solmi  in  soil  at  0 bar  (soturotion)  has  rrot  been  previously 
reported.  In  the  present  work  it  wos  not  possible  to  distinguish  survival  rotes  ot 
0 ond  -2  or  -10  bors  at  the  5%  level  (Toble  S).  Varlobitlty  inherent  in  the 
systems  used  in  these  studies  may  partially  occount  for  these  results.  It  is  also 
possbile  that  statistical  onolysis  at  the  5%  level  moy  be  too  stringent  when 
differences  In  noturol  soil  ore  being  sou^it  (these  doto  were  signlficrrt  ot  the 
12%  level,  Toble  9), 

Reduced  survival  ot  water  potentials  of  < -2  bors  or  < -IS  bars  in  the 
two  series  of  experiments,  Is  probably  partially  due  to  the  oetivity  of  other 
microorgonisms  In  the  soil.  In  experiments  conducted  at  -SO  bors  (doto  not 


shown),  Inoculo  were  »ilekly  colonized  by  Penieillium  citrinum  Thom;  virility 
of  these  Inoculo  were  decreosed  relative  to  those  incubated  ot  -200  bars  (doto 
not  shown).  It  is  passible  that  P.  citrinum  or  other  microbes  were  responsible 
for  the  reduced  survivol  noted  above  in  moist  sails.  Rhizoetonio  seinni  AG  6 Is 
probably  riile  to  compete  with  other  microbes  in  these  soils  when  octing  os  o 


Althou^  it  is  unlikely  thot  soil  moisture  in  the  experimentol  field  would 
lin  constont  for  periods  of  time  used  in  the  present  survival  studies,  date 


from  these  studies  mo)'  still  be  used  to  suggest  role(s)  very  moist  or  very  dry 
soil  might  ploy  in  the  survival  of  soiani  AG  I*  in  soil  urvjer  natural 
conditions.  By  inereosing  the  octivities  of  other  microorgiwlsms  or  decreasing 
the  avoiloblity  of  Oj,  high  water  potentials  (> -200  mb)  could  irxjlrectly  effect  a 
reduced  survival  of  this  pathogen  in  field  soil.  Water  potentials  In  this  ronge 
could  occur  during  periods  of  moderate  to  heavy  rainfall  or  frequent 
irrigalioa  Rye  or  soybeon  plants  would  probi*ly  be  d-ought-stressed  If  soil 
from  the  surfoee  5 cm  of  the  field  hod  water  potentials  of  ^ -100  bars. 
However,  during  follow  periods  or  between  crops  when  the  soil  vrould  not  be 
irrigated,  it  is  possible  that  water  pofentiols  of  < -100  bars  could  occur  and  be 
responsible  fora  reduced  survival  of  R.  soloni  in  sell  os  reported  by  Elmer  (23). 

From  results  in  the  present  soprophytic  coloniiation  studies,  It  is  clear 
thot,  ot  high  initiol  inoculum  densities,  soloni  AG  6 is  on  octive  soprophyte 
at  0 wide  range  of  water  potentiols.  Due  to  the  transitory  nature  of  this 
octivity,  however,  it  is  probable  that  the  colonization  of  rye  stem  segments  in 
these  experiments  was  superficiol.  For  oil  water  potentiols  of  which 
colonizoton  occurred,  eolonizotion  rotes  decreosed  rapidly  offer  maiimol  rotes 
wereochieved  I to  3 days  after  the  start  of  a study  (Fig.  18).  It  Is  unlikely  that 
populotion  densities  of  R.  soloni  AC  4 could  substantially  increase  in  the  soil 
used  in  these  experiments  through  saprophytic  octivity. 
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